ABSTRACT Dung beetle (Coleoptera: Geotrupidae, Scarabaeidae) assemblages were monitored by dung-baited pitfall trapping at three sites distributed along a bioclimatic gradient from semiarid to mesic temperate. For each type of dung, both small and large sized baits were used. Under semiarid conditions (Morocco), three dung beetle assemblages were distinguished: small bait assemblages in any dung; large cattle bait assemblages; large sheep bait assemblages. Under more temperate conditions (southern France and the Alps), only large and small bait assemblages were observed, whatever the origin of the dung. Large baits attracted signiÞcantly more species and more beetles than did small baits, and very few species were attracted signiÞcantly more by either sheep or goat baits than by cattle baits. A signiÞcant, positive correlation between dung beetle size and dung pat size was observed in Morocco where the large species are predominant, whereas a negative relationship was observed in southern France where the small species are predominant. Cattle pats were more attractive for beetles under xeric and Mediterranean conditions (Morocco and southern France) that under cold temperate conditions (Alps).
IN GRAZED ECOSYSTEMS, some of the primary production ingested by herbivores is returned on the ground as fecal matter. Dung is used as both microhabitat and food resources by a wide range of beetle and ßy species acting as coprophagous decomposers or predators (Sowig and Wassmer 1994) . Dung pats can be considered discrete patches with a combination of characteristics like age, size or water content (Hanski 1987 , Bernal et al. 1994 . The monogastric animals (horse) produce large and Þbrous droppings contrary to ruminants (cattle, sheep, and goat) whose feces contain Þner particles more easily assimilated. If these characteristics inßuence the species-speciÞc patch choice of dung beetles, species composition in different pats is expected to be different. Different species of dung beetles (Coleoptera: Geotrupidae, Scarabaeidae) have developed different strategies to acquire part of the resource. In a study on dung beetles of the genus Aphodius, Holter (2000) showed that the size of the particles ingested by these beetles is Ͻ25 m. Most species use a wide variety of feces RidsdillSmith 1986, Lumaret 1990) , although preferences for speciÞc types of dung have been demonstrated in several studies (Peck and Howden 1984 , Lumaret and Kirk 1987 , Martin-Piera and Lobo 1996 , Al-Houty and Al-Musalam 1997 , Gittings and Giller 1998 . Hanski and Cambefort (1991) showed that dung pat size and origin could partly explain the resource partitioning in the dung beetle assemblages. In small droppings, water content varies widely and can neither be correlated with its age (Landin 1961, Lumaret and Kirk 1987) nor with its size (Sowig and Wassmer 1994) . However, for natural large droppings (e.g., cow dung) the water content is largely related to the size of dropping. The largest pats are very humid, and, when the dropping ages, both a desiccation and a reduction of size are observed. As patch size varies extremely in droppings, water content and patch size might play an important role in niche coexistence. In a tropical lower montane rainforest, Peck and Howden (1984) demonstrated that dung size affected the size of attracted beetles and probably aided to reduce competitive interactions. One can assume that larger beetles need larger dung resources for their feeding and reproduction, but it does not necessarily follow that smaller beetles would be restricted to or would prefer small dung resources. In a recent study, Finn and Giller (2000) found a positive correlation between dung pat size and the number of dung beetle larvae, and that larval density was positively correlated with dung pat size.
Up to now, the studies have been carried out either at a single site, or at several sites at a single climate and the speciÞc role of pat size versus dung origin has never been studied in temperate biomes (Finn and Giller 2002) . In the present work, we counted the individuals of each dung beetle species attracted by a speciÞc kind and size of dung. During the main activity period of beetles, and with the same experimental procedure, Þeld experiments were conducted at several sites distributed along a bio-climatic gradient from mesic temperate to semiarid climate. The main objectives were: (1) to assess species diversity and abundance of dung beetles attracted to dung originating from different mammals; (2) to estimate the relationships between dung size and the total biomass and numbers of attracted beetles; and (3) to estimate the dung type preferences of species and to verify the existence of a possible relationship between the size of dung pats and the average body size of each beetle species attracted to it.
Materials and Methods
Study Sites. Three study sites were selected in the western Palaearctic region along a bioclimatic gradient from Morocco to the Alps. The Þrst site, with a semiarid climate, was located ten kilometers South of Fè s (Morocco; 33Њ 58ЈN, 04Њ 59ЈW; 571 m elevation). The site was a very open pasture where Muscari sp., Calendula arisarum, Adonis sp., and Ziziphus lotus were the predominant plant species. The substratum consisted of a deep and dry red fersiallitic soil. This site was grazed year-round by cattle and sheep. Most cattle produced small and humid dung pats, while sheep produced small pellets, which desiccated very quickly. Trophic resources for dung beetles were naturally partitioned, with few large and humid dung pats. The second site was located in a subhumid Mediterranean climate zone, 35 km North of Montpellier (France; 43Њ 47ЈN, 3Њ 43ЈE; altitude 250 m). This site was an herbaceous pasture dominated by Brachypodium retusum and Thymus vulgaris. The substratum consisted of dry and Þssured clay soil. Cattle regularly grazed the site. The second site represented an intermediate ecological situation between Morocco and the Alps as cattle produced large and humid dung pats deposited on dry soil. The third site was located in the Alps, 90 km East of Grenoble (France; 45Њ 19ЈN ; 7Њ E; altitude 1730 m), a subalpine climate area. The site was an open pasture on deep and humid brown soil, which was grazed by cattle and goats from spring to autumn, and year-round by chamois. Cattle produced many large and humid dung pats, and the scarce, small chamois and goat pellets remained humid during a long time because of climate and edaphic conditions. At all sites the grazing was extensive and varied considerably through time. Consequently it was impossible to accurately estimate the density of dung pats.
Sampling Design. At each site, dung beetles were collected using the same model of pitfall traps (CSR model, described by Lobo et al. 1988 and Veiga et al. 1989) . Each trap consisted of a plastic bucket 210 mm in diameter and 150 mm in depth, buried to its rim in the soil and containing a water-formalin-liquid soap mixture. Fresh dung was placed on a wire grid at the top of the bucket. All the droppings used as baits came from animals grazing locally (cattle Bos taurus, goat Capra hircus, or sheep Ovis aries). For each type (species source), both small and large-sized baits were used (30 g and 750 g, respectively). Four combinations of dung size and type, with Þve replicates each, were used at each site (total ϭ 20 traps). The traps were placed 10 m apart in random order and collected after 1 wk of exposure.
In Morocco, the traps were baited with cattle or sheep dung; in Southern France and in the Alps, they were baited with cattle or goat dung. Fieldwork was scheduled to coincide with the peak of the main dung beetle species abundance: May in Morocco; June in Southern France; August in the Alps. Voucher specimens are stored in our laboratories.
Statistical Guidelines. For each area, a discriminant analysis (DA) was carried out to determine whether the four types of baits attracted distinct faunas or not. DA is a statistical method, which appears as a combination of variance analysis and principal component analysis. DA makes possible the discrimination of groups, which have been deÞned a priori, in a space of n dimensions (Wilks statistics) (Tomassone 1988) . For each site, groups corresponded to the combination of size and type of dung (four combinations in total) with Þve replicates (total ϭ 20 observations). The groups were compared simultaneously taking into account the log-abundance of species collected in each trap. Only species trapped with at least Þve specimens at a site were taken into account. DA was carried out using the STATITCF 5.0 software (STATITCF 1991) . The parameters taken into account were: number of trapped species, abundance of beetles, total biomass of beetles (expressed in dry weight, data from Lumaret and Kirk 1987, Janati-Idrissi unpublished, J.-P.L. unpublished), and evenness of the assemblages collected in each trap. Evenness (E index) was calculated according to ShannonÕs index (Magurran 1988) . The E index varies between 0 and 1, with E ϭ 1 when all the species constituting the assemblage are represented by the same number of individuals. For data that met the assumptions of a normal distribution and equality of variance, we used two-way ANOVAs to examine the combination of the effects of bait size and type of dung on the total number of specimens, the total weight of trapped beetles, and the total number of species. SigniÞcant factors were discriminated using F-ratio test (Statgraphics Plus two software, [Statgraphics 1995]) .
At each site, the individual preference of beetles for a given dung type was estimated by comparing the numbers of beetles attracted by large baits exclusively. For each species, total beetle numbers were compared between the Þve replicates baited with large cattle dung pats versus the Þve replicates baited with large sheep or goat dung pats, using the Mann-Whitney nonparametric test. The relationship between bait size and beetle size was estimated using chi-square distribution with the appropriate degrees of freedom. Beetles were segregated into two groups according to their dry weight (Ͻ10 mg; Ͼ10 mg). We assumed that the occurrence of any species is independent from any other one in the community, as most studies on temperate dung beetles have suggested that interspeciÞc competition is of limited importance (Holter 1982) and that no density-dependence occurs when beetles are trapped using baits.
Results
In Morocco, 1,439 dung beetles representing seven species were trapped. In Southern France, 4,805 dung beetles representing 13 species were trapped, whereas in the Alps 463 specimens representing 10 species were recovered (Table 1 ). The large difference in beetle numbers between sites was mainly because of the abundance of Aphodius hemorrhoidalis (L.) (Scarabaeidae) in Southern France (3,594 individuals). In Morocco, Gymnopleurus sturmi Mac Leay (Scarabaeidae) was the predominant species (78.8% of total beetles). For all sites a high consistency (100%, 94%, and 95% in Morocco, Southern France, and the Alps, respec- tively; Fig. 1 ) was obtained in the comparison between the observed data and the a priori discrimination of beetle assemblages, based on the combination of the type (cattle and sheep origin) and the size of dung baits (small and large), and the ordination of the observations obtained in DA using faunistical composition.
In Morocco, samples were discriminated by two factors (F1, F2) , which explained 88.9% of the total variance (Wilks statistics: W F1 ϭ 83.99, df 21, P Ͻ 0.001; W F2 ϭ 49.81, df 12, P Ͻ 0.001) (Fig. 1) . Three groups were distinguished: (1) small baits whatever the nature of dung (c and s); (2) large cattle (C); and Table 1 for species codes.
(3) large sheep baits (S). In Southern France and in the Alps, the samples were discriminated by one factor (F1), which explained 99.1% (W F1 ϭ 65.95, df 39, P ϭ 0.005) and 97.3% (W F1 ϭ 87.07, df 30, P Ͻ 0.001) of the total variance, respectively (Fig. 1) . In these both sites, F1 compared small bait samples (g and c; positive values) and large bait samples (G and C; negative values).
Influence of Dung Size. The DA results showed that, with the exception of Onthophagus (Parentius) emarginatus Muls. (Scarabaeidae) which signiÞcantly preferred small baits, all dung beetle species were preferentially attracted to large baits whatever the origin of dung and the site (Fig. 1) . At all the sites, large cattle and sheep or goat baits attracted signiÞ-cantly (MannÐWhitney test, P Ͻ 0.05) more species and more beetles (both numbers and biomass) than did small baits (Table 1; 2 ϭ 19.01; df ϭ 5; P ϭ 0.002). For a given dung origin, the evenness index was signiÞcantly higher with small baits compared with large baits, except for the Alps with goat baits (Table 1) . At all sites, the two-way analysis of variance (ANOVA) results showed that bait size had a signiÞcant effect on the number of species, the number of individuals and the total biomass, except in Morocco where the size had no effect on the number of species (Table 2) .
The mean size of small (Ͻ10 mg) and large (Ͼ10 mg) beetles depended on the sites in different ways (Table 3) . At all the sites, the mean size of small beetles was rather similar (5.5, 4.6, and 5.2 mg in a *, P Ͻ 0.05; **, P Ͻ 0.01; ***, P Ͻ 0.001; n.s., no signiÞcant. Morocco, Southern France, and the Alps, respectively). However, the mean size of large beetles trapped in Morocco was higher (80.6 mg) than that observed in Southern France and in the Alps (25.6 and 26.7 mg, respectively). In Morocco and in Southern France, the distribution of beetles between large and small baits varied signiÞcantly according to species size (P Ͻ 0.001) ( Table 3 ). In Morocco, whatever the dung origin large beetles were signiÞcantly more attracted by large baits than were small beetles. In Southern France, small baits attracted signiÞcantly fewer small beetles. In the Alps, the distribution of large and small beetles did not vary signiÞcantly between large and small baits (Table 3) . Influence of Dung Origin. At each site, for a given size of baits, the number of species was relatively independent of dung type (cattle versus goat or sheep), whereas insect numbers and biomass varied according to dung origin. Analysis of resource preferences (MannÐWhitney test) conÞrmed the DA results. In Morocco, Euonthophagus crocatus Muls. (Scarabaeidae), Gymnopleurus flagellatus (F.) (Scarabaeidae), and G. sturmi were signiÞcantly more attracted by large cattle baits (P Ͻ 0.01), while Aphodius lugens (Cr.) (Scarabaeidae) preferred large sheep baits (P Ͻ 0.01) ( Table 4) . In Southern France, cattle dung was generally the more attractive bait. Of the thirteen species collected, Aphodius erraticus (L.) (Scarabaeidae), A. hemorrhoidalis, Caccobius schreberi (L.) (Scarabaeidae), Euoniticellus fulvus (Goeze) (Scarabaeidae), and Onthophagus lemur (Fabr.) (Scarabaeidae) were signiÞcantly more attracted by large cattle than by large goat baits (MannÐWhitney test; P Ͻ 0.01). In the Alps, Onthophagus fracticornis (Preyssl.) (Scarabaeidae) was signiÞcantly more attracted by cattle dung, while Anoplotrupes stercorosus (Scriba) (Geotrupidae), Aphodius obscurus (F.) (Scarabaeidae), and Euheptaulacus carinatus (Germ.) (Scarabaeidae) were signiÞcantly more attracted by goat droppings (P Ͻ 0.01) ( Table 4) .
The two-way ANOVA results conÞrmed that dung origin had a signiÞcant effect on the number of individuals and the total biomass both in Morocco and in the Southern France, and on the number of species in Southern France (Table 2) . Dung origin had no effect in the Alps. In Morocco and in Southern France, large cattle baits were signiÞcantly (P Ͻ 0.05) more attractive (both in numbers and total biomass of beetles) than large sheep or goat baits (numbers ratio 6:1 and 2.8:1; biomass ratio 7:1 and 2.3:1 in Morocco and Southern France, respectively) ( Table 1 ). In the Alps, no signiÞcant difference was observed between large cat- 
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3.8 (Ϯ 1. (Table 4) . Interaction between dung pat size and origin of dung was highly signiÞcant in Morocco and Southern France, but not in the Alps (Table 2 ). Both in Morocco and southern France, the number of beetles attracted by baits increased significantly for cattle than for sheep or goat dung when the size of resource increased. However, in the Alps, the increase of beetle numbers from small to large baits was similar regardless of dung origin (cattle or goat).
Discussion
Effect of Dung Pat Size. As reported previously by Finn and Giller (2000) for northern Europe, the current study showed that large baits were always more attractive than small baits, both as regards species diversity and beetle numbers, independently of sites and local dung beetle species composition. In southern France, where small species with high population levels were dominant, Ͼ25 times as many beetles were trapped in large baited traps compared with small baited ones. In Morocco, where the large-bodied species Gymnopleurus sturmi was dominant, large baited traps caught only Ϸ10 times as many beetles than did small baited traps. In any case, no relationship was established between the 1:25 ratio for bait sizes (30 g versus 750 g) and the ratio number of beetles per trap according bait size as most beetles directly fell into the bucket and did not interact inside the dung pat. The use of pitfall traps did not allow us to estimate the density of insects in dung and to study the possible effect of density-dependence (as observed by Hanski (1980) in natural pats).
In addition, our results revealed that the relationship between dropping size and dung beetle size cannot be generalized and varies along a bioclimatic gradient. Under semiarid conditions (Morocco), the largest beetles (92.1% of total beetles) were signiÞ-cantly more attracted by large baits than were the smallest beetles and most of the trophic resource was used by large species. These results can be compared with those obtained in tropical areas where large beetles are predominant and exploit the largest droppings. In the Central American rainforest, using baits of different size (2 ml and 200 ml), Peck and Howden (1984) observed a prevalence of large species in large baits. Conversely, the small mammal droppings splashed through the vegetation attracted most of the small Canthidium species. In the West African Savannah, large dung beetles (Scarabaeidae) only occur when large mammals are present in the sites, with a positive correlation between the droppingsÕ size and the size of beetles, which is strengthened by the occurrence of Heliocopris species (Cambefort 1994) . Most of Heliocopris are large species (at least twice as big as the largest Palaearctic species), which exploit nearly exclusively large herbivore droppings (buffalo and elephant) (Cambefort 1991) .
As shown by the results of the current study, small beetles are predominant (90.3% and 70.4% of total beetles in Southern France and in the Alps, respectively) under more mesic and montane climate conditions and the average size of large beetles was lower than that in Morocco. Under subalpine climate (the Alps), where large species are scarce, no signiÞcant body size discrimination according to the size of baits was observed. In Southern France where large beetles were also scarce, small beetles were mostly attracted by large droppings, except a very few small-specialized species (e.g., Onthophagus (Parentius) emarginatus), which showed a positive discrimination toward small baits. Onthophagus emarginatus mostly exploits rabbit and sheep pellets either immediately after their production by the animals or after a long time when the rain or the dew rehydrates pellets (Lumaret 1990 , Lumaret and Iborra 1996 , Galante and Cartagena 1999 . As baited traps mostly intercept beetles before they can feed on the baits, it can be assumed that O. emarginatus is able to detect the size of the dropping from a distance. This species may be preferentially sensitive to a special fragrance, which assumes that the odor blend varies in relation to the dropping size and its desiccation level. This hypothesis should be easily tested by using olfactometer.
Effect of Dung Origin. Our results showed that cattle pats were more attractive for beetles under xeric and Mediterranean conditions (Morocco and Southern France) than under cold temperate conditions (Alps). This difference is strengthened by previous results obtained locally in several European sites. In dry Southern Spain, cattle pats were among the most attractive baits for dung beetles (Martṍn-Piera and Lobo 1996) . In Northern Italy, Scarabaeidae species showed preference for cattle pats, while Aphodiidae species preferred deer droppings (Barbero et al. 1999) . In the more humid climate conditions of Western Germany and Ireland, cattle pats were less attractive than other droppings (Wassmer 1995, Gittings and Giller 1998) . Attractiveness variability according to dung origin could be partly because of local climatic conditions, which strongly modify the water content in dung, as reported by Lumaret and Kirk (1987) . In contrast to large pats, which develop a compact protective crust on the surface with humid paste below, small droppings dry out quickly (Lumaret and Kirk 1987) . Landin (1961) estimated that, within any particular geographical area, microclimatic conditions rather than dung type control species composition and he stated that temperature and humidity were the most important factors that inßuenced beetles. Because they remain moist longer than other droppings, large cattle pats may be more attractive for dung beetles. This can explain why the small dweller beetle Aphodius erraticus was mostly attracted by cattle pats both in Southern France (present work) and in Southern Spain (Martṍn-Piera and Lobo 1996) , whereas this species was more abundant inside Þbrous and dry droppings in the wetter conditions of Ireland (Gittings and Giller 1998) . Similarly, in the current study, Aphodius fimetarius and A. hemorrhoidalis were more attracted by large and humid dung cattle baits under dry conditions than in the wetter conditions occurring in the Alps. Gittings and Giller (1998) already showed that dung origin and dung quality (moisture, nitrogen, organic matter, etc.) signiÞcantly affected the structure of dung beetle assemblages in temperate Europe. Local conditions modify the trophic choice of species. Under Mediterranean conditions signiÞcant readjustments in the structure of dung beetle assemblages were observed in the Þeld as a response to trophic resource modiÞcations (sheep versus cattle) (Lumaret et al. 1992 ). Drought constitutes a limiting factor and a selective pressure for dung beetles (Lumaret 1995) and most beetles in Morocco and southern France were quite selective as to the size and moisture content of pats to provide optimum conditions for development of their larvae, contrary to conditions in the Alps where species were more evenly distributed between large cattle and goat baits.
